ZOOLOGIA 32 (1): 1-8, February 2015 extinction. It was once considered the most common bird in restinga (SICK 2001) , but in the last decades, it has disappeared from a large number of restinga remnants in the state of Rio de Janeiro (TEIXEIRA & NACINOVIC 1992 , ARAUJO & MACIEL 1998 , ARGEL-DE-OLIVEIRA & PACHECO 1998 . Mockingbirds are well-known for their ability to sing, and for this reason human pressure acts on them not only through habitat loss and degradation, but also through illegal trade (ARGEL-DE-OLIVEIRA & PACHECO 1998 , ALVES et al. 2000 .
Currently, the Tropical Mockingbird is listed as "Endangered" in the red list of Rio de Janeiro and Espírito Santo, which, together with Pará, are the only Brazilian states that have such lists within the species' range (ALVES et al. 2000 , SIMON et al. 2007 , PARÁ 2007 . Furthermore, the subspecies M. gilvus antelius is listed as "Almost Threatened" in Brazil (MACHADO et al. 2005) . However, none of these lists were based on quantitative data, and only SIMON et al. (2007) provided a justification for the listing, based on an estimated Extent of Occurrence < 5,000 km 2 . We conducted field surveys of the Tropical Mockingbird to provide up-to-date occurrence records in the southernmost portion of its range, in the state of Rio de Janeiro, and to supply an estimate of the current size of its population in the state. We then used this information to reassess the species' conservation status at the state level, based on two IUCN criteria: Extent of Occurrence and Population Size (IUCN 2001 ).
MATERIAL AND METHODS
This study was conducted in the state of Rio de Janeiro, Brazil, which represents the southernmost portion of the geographic range of the Tropical Mockingbird. We surveyed 20 areas with restinga remnants within the known geographic range of the Tropical Mockingbird, using line transects and/or casual survey, in order to establish the current distribution of the Tropical Mockingbird in the state (Table I) . Both methods were used to confirm the occurrence of the species in each of the visited remnants. The areas were selected based on: I) previously known records of the species, II) restinga remnants indicated by ROCHA et al. (2007) , and III) availability of the species' habitat, i.e., restinga with open shrubby vegetation reaching the shoreline (SICK 2001) . To locate these remnants, we used Google Earth satellite imagery. One additional area was surveyed (area 21 in Table I ), outside the species' known range, to investigate a dubious record (ARGEL-DE-OLIVEIRA & PACHECO 1998) to the south of its known distribution. Surveys were conducted from August 2008 to November 2009, always under stable weather. The same researcher (MSZ) performed all surveys to standardize detectability.
In 15 of the 21 restinga remnants, line transects were applied systematically (Table I ). In each of these remnants, one or more line transects were performed, totaling 18. The only restingas where we established more than one line transect were Marambaia (two transects) and Massambaba (three), which are among the largest restinga remnants in Rio de Janeiro. Transects were 2 km long, positioned at the shoreline near the border between the restinga and the beach. These boundaries are at natural sandy mounds, known as the beach ridge ("cordão arenoso" in Portuguese), which represent the highest point of restinga. Mimus gilvus individuals are very conspicuous. They frequently vocalize during the day, and always choose exposed portions of the highest perches to do it (V.C. Tomaz, pers. comm.). For these reasons, they are very easy to spot, even from the beach line. The surveys were always performed in the morning, beginning around six hours. They lasted, on average, 1h30min, with a little variation among the areas due to differences in topography and number of individuals recorded. Binoculars (10 x 50, Olympus or Nikon) were used to search for the birds. Observations were made from the line transect to the interior of the restinga, excluding bare sandy beach. Both visual and auditory contacts were considered. The survey effort was complemented with seven casual expeditions (Table I) . These expeditions were also based on the line transects and occurred after the systematic survey, between 7:00 a.m. and 3:00 p.m., in "minor" restinga remnants next to our main study areas. The only methodological difference is that these expeditions were not made during periods of greater birds activity, i.e., the beginning of the morning, although M. gilvus is a very active bird all day long (V.C. Tomaz, pers. comm.). Sites were considered to belong to "minor" restinga remnants when they: 1) had damaged and/or very reduced areas of restinga vegetation, 2) did not have open shrubby vegetation or, if open shrubby vegetation was present, it did not reach the shoreline, and 3) there were no previous records of the Tropical Mockingbird (excepting Enseada do Bananal) in these areas. At all these sites, transects of at least 2 km at the shoreline or on main trails in the natural vegetation were used to search for tropical mockingbirds. In areas where the presence of the Tropical Mockingbird was confirmed through transect line survey, a point count (HUTTO et al. 1986 , MATTOS et al. 2009 ) was used to estimate local population size. Ten points were positioned linearly, at 200 m intervals, parallel to the transect line, but 100 m further inside the vegetation than the transect line. The surveys, which began at 6:00 a.m., and lasted 10 minutes on each point, recorded all visual or auditory contacts with tropical mockingbirds into a 100 m-radius circle from the point. Contacts that occurred when the researcher was between two consecutive point counts were not recorded. Point counts were performed just once in each site. The point count surveys ran from October 2008 to August 2009, always when the weather was good (i.e., without rain).
Local population size was used to calculate population density (D) for each area, individually, where the point count method was applied. Population density was defined as the number of individuals counted divided by the area of the site surveyed. We employed the formula D = ⌺r 2 , where N is the sum of individuals registered at all 10 point counts and ⌺r 2 is the sum of the ten 100 m-radius circles areas (⌺r 2 = 0,314 km 2 ).
We calculated both the historical and current extent of occurrence of the Tropical Mockingbird in the state of Rio de Janeiro. The extent of occurrence (EOO) is 'the area contained within the shortest continuous imaginary boundary which can be drawn to encompass all the known, inferred or projected sites of present occurrence of a taxon, excluding cases of vagrancy' (IUCN 2001 ). We calculated the EOO of the Tropical Mockingbird using a buffer of 1,100 m from the coastline. In the state of Rio de Janeiro, the sandy portion of beaches do not exceed 100 m, and the Tropical Mockingbird has been mainly recorded up to 1,000 m within the restinga vegetation (M.A.S. Alves pers. obs. 2010), hence a EOO of 1,100 m from the coastline. The historical EOO was based on the scientific literature produced between the 19 th century, when foreign naturalists registered their encounters with the Tropical Mockingbird during expeditions in Brazil, and the 1990's, when the first reports on the disappearance of the Tropical Mockingbird took place (a complete list of sources is available on request from the senior author). From that literature we inferred that the Tropical Mockingbird was a common and typical restinga species (NOVAES 1950 , SICK 2001 , and that in Rio de Janeiro it originally occurred from Marambaia to the Barra do Itabapoana (easternmost historical limit, i.e., the State's boundary). Its historical range, therefore, was most likely continuous throughout the shoreline. The historical EOO was built using the buffer in the entire shoreline of the state of Rio de Janeiro, and the current EOO was the historical EOO minus the portions of restinga were the species was considered absent in our survey and the literature.
To estimate the historical and current regional population size in the state of Rio de Janeiro, we multiplied the mean population density derived from point counts by the historical and current EOO, respectively. This is the maximum regional population size, because it considers that the species occurs throughout its EOO. Nevertheless, because we know that a species does not necessarily occupy the entire region within its EOO (IUCN 2001), we estimated a minimum regional population size by multiplying the maximum regional population size by the probability of finding the species in a given area, i.e., the percent of the 20 areas within the species' original range in which we found the species to be present (following VALE et al. 2007 ). This is a minimum population size since the probability of finding the species is most likely underestimated because of detection problems. Hence, the species' regional population should be somewhere between the estimated maximum and minimum population sizes.
We used the current estimated EOO and population size to determine the species' conservation status in the state of Rio de Janeiro, applying the two-step process (sensu GÄRDENFORS et al. 2001 , IUCN 2001 , MILLER et al. 2007 ).
RESULTS
We did not find the Tropical Mockingbird at Praia do Sul, Ilha Grande (area 21, Table I ), a relatively well preserved area according to ROCHA et al. (2007) . This confirms that Marambaia is the westernmost limit of the species in the state of Rio de Janeiro and the southernmost limit of the species in South America, except for vagrants. Tropical Mockingbird populations were found at only four of the 20 areas that were surveyed by transect lines or casual expeditions within the known range of the species in the state of Rio de Janeiro (Table I , Figs. 1-3 ), translating into a probability of finding the species of only 20%.
From our literature survey, the distribution of the Tropical Mockingbird in Rio de Janeiro originally ranged from Marambaia to the Barra do Itabapoana in the state's boundary (Fig. 1) . Currently the species' range includes only four isolated areas that were originally part of its historical distribution (Figs.  2 and 3) . The westernmost limit of the Tropical Mockingbird in the state of Rio de Janeiro is still Marambaia, but its easternmost limit has retreated to the Restinga de Jurubatiba, and gaps have appeared in the middle of its distribution (Fig. 3) . The four currently known populations in the state of Rio de Janeiro occupy only about 250 km of shoreline, and are 211 km apart from the closest population, at Parque Estadual Paulo César Vinha, municipality of Guarapari, state of Espírito Santo (NARCISO 2012, L.C. de Araújo pers. comm. 2014).
In the four sites where point-count was performed, there was great variation in the number of individuals recorded, ranging from three to 38 individuals, which translates into a local population density between 10 and 121 individuals km -2 (Table  II) Table I ). Numbers in circles show the areas where the species was found. (3) Current area of occupancy (dark black line), depicting the four restinga remnants where the species is still found in the state of Rio de Janeiro. we estimate an original population size of 33,904 individuals in the state of Rio de Janeiro, i.e., an estimated reduction of 61% to 92% in population size in the last 20 years. After the two-step process (sensu GÄRDENFORS et al. 2001 , IUCN 2001 , MILLER et al. 2007 ), the Tropical Mockingbird was evaluated as regionally "Endangered", confirming previous non-quantitative assessments for the state of Rio de Janeiro (ALVES et al. 2000) . The species has an estimated EOO of 256 km 2 , meeting the 5,000-km 2 cut-off for the "Endangered" status (IUCN 2001), although being quite close to the 100-km cut-off for the "Critically Endagered" status.
DISCUSSION
Our study of the conservation status of the Tropical Mockingbird shows that the species is Endangered in the state of Rio de Janeiro, confirming previous qualitative assessments (ALVES et al. 2000) . Actually, the current Extent of Occurrence of the Tropical Mockingbird approaches the 100 km 2 threshold for for the Critically Endangered species.
We estimated a population reduction between 30.5% and 46% in 10 years, meeting the threshold of > 30% reduction for the "Vulnerable" status, and an estimated population between 2,662 and 13,312 individuals, which is above the 10,000-individuals cut-off for the "Vulnerable" status. Because IUCN requires that species be listed at the highest threat category identified, we suggest the Tropical Mockingbird be listed as "Endangered" in Rio de Janeiro, 'facing a very high risk of extinction in the wild' (IUCN 2001 ). The proposed representation of its assignment is EN B1ab (I, III, IV, V), meaning that its EOO is less than 5,000 km 2 ; our estimates indicate that the species exists in no more than five locations; and there is a continuing observed decline in its Extent of Occurrence, habitat size and quality, number of locations and number of mature individuals are in constant decline. We disregard a possible rescue effect from outside populations (GÄRDENFORS et al. 2001 , MILLER et al. 2007 , because the Tropical Mockingbird is also listed as "Endangered" in the neighboring state of Espírito Santo (SIMON et al. 2007 ). It was not found in the easternmost restingas of the state of Rio de Janeiro, and it apparently does not occur anymore in Neves, the westernmost restinga in Espírito Santo (M.A.S. Alves pers. obs. 2014).
This study surveyed the restingas of Rio de Janeiro very well. All nine major restinga sections identified by ARAUJO & MACIEL (1998) were surveyed, including 18 of the 21 remnants identified by ROCHA et al. (2007) . We confirmed the local extinctions of the Tropical Mockingbird in Barra de Maricá, Niterói, and in the municipality of Rio de Janeiro (excluding the Restinga of Marambaia), previously mentioned in the literature (TEIXEIRA & NACINOVIC 1992 , ARGEL-DE-OLIVEIRA & PACHECO 1998 , ARAUJO & MACIEL 1998 , and recorded new local extinctions in the eastern portion of the state, above the Jurubatiba National Park (at Grussaí and Barra do Itabapoana remnants, in the extreme-west of Rio de Janeiro). From the results of the present study, obtained by a systematic survey (and some occasional visits), we also consider the species to be probably extinct in the municipality of Cabo Frio, as suggested by ARGEL-DE-OLIVEIRA & PACHECO (1998). In 2007 two individuals were recorded at Praia Peró, Cabo Frio (M.B. Vecchi, pers.comm.), but were likely vagrants according to the source of the record itself and because our systematic survey at the site did not confirm the species' presence. The WikiAves citizen science website, however, has more recent records of the species at unspecified locations in Cabo Frio (http://www.wikiaves.com). Further scientific investigation should be carried out in order to determine whether these records are from vagrants or if the species is indeed returning to the region.
There are a number of possible explanations for the extinction of most populations of M. gilvus in Rio de Janeiro. One important factor might be the species' association with open shrubby restinga vegetation (SICK 2001) , which is the first vegetation to disappear with occupation of the coastline (ROCHA et al. 2007 ). In our study, we found that all remnants where the species was present had open shrubby restinga vegetation (although the inverse was not true), and that the species was absent from Grumari and Praia do Sul despite the good conservation status of these areas. These two restingas, however, are composed of dense and close vegetation. Another important factor in determining the species' presence might be the amount of available habitat. The Metropolitan Region of Rio de Janeiro and Niterói, where the species is no longer present, is extremely urbanized and degraded (except for Restinga of Marambaia, Rio de Janeiro) (FUNDAÇÃO CIDE 2003) . In addition, Maricá and Cabo Frio, which, together with the Metropolitan Region, correspond to the current gap in the middle of the distribution range of M. gilvus, have either been almost completely converted into pastures and agricultural fields, or have lost expressive vegetation cover (FUNDAÇÃO CIDE 2003) . Similarly, the boundary with the state of Espírito Santo, which once represented the species' westernmost limit in Rio de Janeiro, is currently predominantly taken by agriculture (FUNDAÇÃO CIDE 2003) . At the same time, even relatively large and well preserved areas, such as Restinga of Grussaí (ROCHA et al. 2007) , have witnessed the local extinction of M. gilvus. This may result from more subtle pressures, such as the disruption of metapopulation dynamics. The severe fragmentation of the restingas of the state of Rio de Janeiro (ROCHA et al. 2007 ) might prevent the migration of individuals from well preserved remnants, such as the Jurubatiba National Park. Populations from these areas could act as a source of individuals for sink populations (PULLIAM 1988) . Finally, another important factor in the extinction of M. gilvus populations is illegal capture, which is intense because of the remarkable singing abilities of this bird. According to local people, illegal capture does happen in the Jurubatiba National Park, Massambaba and Itapebussus, and there is also evidence that this also occurs in the restingas of ZOOLOGIA 32 (1): 1-8, February 2015 Cabo Frio (J.F. Pacheco, pers. comm. 2008 , Maricá, and the municipality of Rio de Janeiro (ARGEL-DE-OLIVEIRA & PACHECO 1998) .
Three of the four areas where the Tropical Mockingbird persists in the state of Rio de Janeiro are protected, to some degree, by natural reserves. Jurubatiba, which houses the largest population in our study, is within the Restinga de Jurubatiba National Park. The park is still relatively intact, despite insufficient law enforcement, land parcels that have not yet been expropriated, and open access to cars and people. Marambaia, which has a medium size mockingbird population, is not within a protected area, but is within a military area. The military prevent access to the major part of Marambaia, conserve noteworthy natural areas, and protect fauna against hunting. Therefore, despite not being within a protected area, the conservation status of the Marambaia is good (ROCHA et al. 2007 ). Massambaba and Itapebussus shelter the smaller populations of the Tropical Mokingbird in the state of Rio de Janeiro. Massambaba was been recently incorporated into Costa do Sol State Park, and Itapebussus is within a municipally protected area. Both areas are immersed in a landscape that suffers from unplanned urbanization (including illegal occupation and excessive land parceling) and illegal captures of tropical mockingbirds.
The restinga ecosystem in general is protected by legislation at the national, state and municipal levels. At the national level, restingas are protected by the Forest Code (BRASIL 2012) and the Atlantic Forest Law (BRASIL 2006) . The latter establishes, among other rules, that new facilities should be constructed preferentially in areas that have been already modified or degraded. In practice, however, restingas are under great urbanization pressure such as the construction of summer houses, resorts, ports, and the implementation of roads, pastures, and plantations at the shoreline (ARAUJO & LACERDA 1987 , DIEGUES 1999 , ALVES et al. 2000 , ROCHA et al. 2007 , MATTOS et al. 2009 ). In the state of Rio de Janeiro this is worsened by the fact that most restingas are not within protected areas (ROCHA et al. 2007 ).
The Tropical Mockingbird has a very large global distribution, ranging from Mexico to southern Brazil, and therefore is considered of "Least Concern" by IUCN (2011). However, there are enough arguments to take its local disappearance seriously. First, in the southernmost portion of its distribution (excluding records of vagrants), the species is naturally restricted to the coast and is specialized in open restinga habitat. This southern form is described as M. gilvus antelius (HELLMAYR 1934 , PINTO 1944 , CODY 2005 , RESTALL et al. 2007 , and possibly deserves to be considered as a separate species (CODY 2005) . If that is the case, this taxon will likely be threatened, given that it was listed as threatened in Rio de Janeiro and Espírito Santo, and is subjected to the very same human pressures in the remaining of its distribution. There is no red list of threatened species in the remaining ten states within its historical distribution, with the exception of the state of Pará in the Amazon, where the species is not listed (PARÁ 2007) . Second, the geographical range of a species often begins to shrink at the border of its historical geographic distribution (CHANELL & LOMOLINO 2000 , ANJOS et al. 2009 ). Populations at the border of the species' distribution are more vulnerable to extinction because they are often in marginal habitats, and seem to need greater areas to guarantee their continuity (ANJOS et al. 2009 ). Furthermore, these populations usually have fewer available migrants from nearby populations that could rescue the population in case of a local extinction (ANJOS et al. 2009 ). Thus, a small decrease in the range of a species is a good predictor of a much larger population reduction in the future (CHANELL & LOMOLINO 2000) . After all, population extinctions precede species extinction (CEBALLOS & EHRLICH 2002) , and Mimus gilvus antelius has endured many local extinctions in the last decades. Although conservation tends to focus on extinctions at the species level rather than at the population level, local populations are the ones that play ecological roles in ecosystems, often providing services and goods to humankind (EHRLICH & DAILY 1993 , HUGHES et al. 1997 , CEBALLOS & EHRLICH 2002 . For instance, the Tropical Mockingbird disperses restinga nurse plant species, suggesting that it can be a keystone species in the ecological succession of restinga bushes (GOMES et al. 2008 (GOMES et al. , 2010 in areas like Jurubatiba, where it is one of the most abundant resident species (ALVES et al. 2004) .
"Typical of restingas" and "the restinga's most commonly spotted bird" are expressions that used to be employed in reference to the Tropical Mockingbird (NOVAES 1950 , SICK 2001 . Ironically, the Tropical Mockingbird may currently be one of the most threatened restinga species, after the Restinga Antwren, Formicivora littoralis Gonzaga & Pacheco, 1990 , (MATTOS et al. 2009 ). We strongly recommend a taxonomic study of the southernmost populations of the Tropical Mockingbird in order to reveal its true taxonomic status. If it represents a different species, as suggested in the literature, then it is likely threatened with extinction. We also recommend enhanced environmental education and environmental regulations that aim to protect restinga areas (BRASIL 2006 , 2012 , DEVELEY & PONGILUPPI 2010 , in order to avoid further local extinctions.
